A National Human Exposure Assessment Survey ( NHEXAS) field study was performed in U.S. Environmental Protection Agency (EPA) Region V, providing population-based exposure distribution data for selected elements in several personal, environmental, and biological media. Population distributions are reported for the 11 elements that were measured in water and dietary samples. Dietary intakes and home tap water concentrations of lead, arsenic, and cadmium were further examined for intermedia associations, for differences between dietary exposure for adults and children, and to estimate the proportion of the population above health-based reference values (dietary) or regulatory action levels or maximum contaminant levels (water). Water lead and arsenic concentrations were significantly associated with dietary intake. Intake of all elements was higher from solid foods than from liquid foods (including drinking water). Dietary intakes of Pb, As, and Cd were greater than those calculated for intake from home tap water or inhalation on a g /day basis. Median dietary intakes for the Region V population for Pb, As, and Cd were 0.10, 0.13, and 0.19 g / kg bw/day, respectively. While Pb, As, and Cd concentrations in the foods consumed by 0 to 6-year-old children were similar to or lower than those for adults, dietary intakes calculated on a body weight basis were 1.5 to 2.5 times higher for young children. Intrapersonal intake differences accounted for most of the variance in short-term (daily) dietary intakes for Pb and As, while interpersonal differences accounted for more of the intake variance for Cd. Only small percentages of the population exceeded health-based intake reference values or concentrations equal to regulatory levels in water for Pb, As, and Cd.
Introduction
The National Human Exposure Assessment Survey (NHEXAS) of the U.S. Environmental Protection Agency (EPA) is a federal interagency effort aimed at providing exposure-related information for use by public health decision makers. Long-term goals of NHEXAS include: (1) documentation of the occurrence and distribution of exposure to potentially hazardous chemicals in the U.S. population, (2) understanding underlying causes of exposures, particularly for at-risk population subgroups, and (3) providing data and methods for measurement and linking of information on exposure, dose, and health outcomes (Sexton et al., 1995) . Phase I of NHEXAS is a scoping study with emphasis placed on designing, testing, and demonstrating methodologies that could be used for measuring human exposure in a population-based national survey. Future phases are envisioned to perform a comprehensive exposure characterization in a representative sample of the national population ( Phase II ) and to conduct special studies to determine causes of high exposures and exposures in at-risk subgroups of the population ( Phase III ). Three Phase I NHEXAS studies were designed to assess methodologies and design strategies for exposure measurements. These studies were performed in three regions of the United States: EPA Region V (Indiana, Illinois, Michigan, Minnesota, Ohio, and Wisconsin) (Pellizzari et al., 1995) ; Arizona (Lebowitz et al., 1995) ; and Maryland (Buck et al., 1995) .
The Region V study was conducted by a consortium of institutions and researchers, led jointly by the Research Triangle Institute and the Environmental and Occupational Health Sciences Institute. Cooperating federal agencies included EPA, the U.S. Food and Drug Administration (FDA), the Centers for Disease Control and Prevention, and the National Institute of Standards and Technology (NIST). Objectives for the Region V study included the following:
(1) to demonstrate and evaluate methodologies and field procedures for carrying out a nationwide NHEXAS program, (2) to collect exposure and exposure-related data to provide meaningful inferences for the population of Region V, and (3) to determine a series of exposure distributions for selected elements and volatile organic compounds (VOCs) for the population in Region V. Study design elements and hypotheses are described in Pellizzari et al. (1995) .
Using a multistage approach designed to select a representative sample of the Region V population, researchers identified and recruited residents in 32 counties across the six-state region to participate in the study. Each participant was asked to complete several study questionnaires and diaries and to provide personal, environmental, and biological samples over a 6-day monitoring period to characterize exposures to selected elements and VOCs. A subsample of participants was asked to provide a subset of environmental and personal samples and questionnaires/diaries during 2 subsequent weeks to assess the applicability of short-term exposure measurements for making long-term exposure estimates. Duplicate diet samples of all solid and liquid foods, including water, were collected across 4 consecutive days from participants agreeing to provide these samples. Flushed and standing tap water samples were collected at the midpoint of the monitoring week from all participant homes and from a subset of homes at intervals from 1 to 8 months later.
Results are reported here for dietary intake and tap water concentrations of selected elements. Dietary intake, when measured using the duplicate diet approach, represents an applied dose to the individual, while tap water measurements provide home-level environmental concentration data. In the overall Region V study, target elements were divided into primary (lead and arsenic) and secondary (cadmium and chromium) levels of interest based on expected prevalence and potential toxicity. The rationale for the selection of primary and secondary elements of interest has been previously described (Pellizzari et al., 1995) . An additional seven elements (Ba, Cu, Mn, Ni, Se, V, and Zn) were selected for analysis by the research consortium performing the Arizona NHEXAS study based on human health risks and lack of information about population distributions of exposure from all pathways (Lebowitz et al., 1995) . In order to provide comparable data, these elements were also analyzed in water and dietary samples collected in Region V. Population-based distributions for dietary intake and tap water concentrations of all 11 elements are presented here. Additional analyses of the lead, arsenic, and cadmium data were performed to address the following hypotheses:
. Contaminants in home tap water are significantly associated with dietary intake.
. Dietary intake of contaminants from solid foods is greater than intake from liquid foods.
. Intake of contaminants from inhalation and tap water ingestion routes of exposure is much lower than intake from dietary ingestion.
. Young children have greater dietary intakes of contaminants than adults on a body weight basis.
. Less than 10% of the general population has dietary intakes or tap water concentrations that exceed reference levels.
. Over short time periods, intrapersonal dietary contaminant intake variability contributes more to the overall intake variance than does interpersonal variability.
Methods

Population Sample Selection and Recruitment
Goals of NHEXAS included obtaining a realistic test of field procedures as they could be implemented in a national study and selecting an area where statistical inferences for exposure to contaminants would be of interest for the selected population. EPA Region V (Indiana, Illinois, Michigan, Minnesota, Ohio, and Wisconsin) was selected due to its relatively large population and geographical area and because proportions of races, socioeconomic distributions, and other demographic characteristics are similar to those in the national population (Pellizzari et al., 1995) . A stratified four-stage probability sampling design was used to select the sample. Primary sampling units were counties. A sample of Region V counties was selected with probabilities proportional to 1990 census counts of occupied housing units. Three areas within each county, defined from 1990 census blocks, were selected at the second stage. A simple random sample of occupied housing units was selected at the third stage. Finally, a fixed number of participants was selected from each census block at the fourth stage.
Selected participants were recruited into the study during in-home visits by field interviewers. They were asked to provide or allow collection of many different personal environmental, and biological samples, including the dietary and tap water samples discussed here. Dietary samples were collected over a 4-day period and tap water samples at one visit during an initial monitoring period. A subset of participants was selected and asked to provide additional tap water samples in two subsequent monitoring periods. A graduated series of incentive payments was offered, including US$15 that was offered for basic participation that included collection of tap water, and an additional US$15 was provided for collection of dietary samples. To defray participant expenses, US$15/day was provided as compensation for collected foods.
Population Sample Weighting
Population estimates of means, medians, and other percentiles were generated using weighted data analysis techniques. Weighted data were used because not all participants were selected with equal probability. A discussion of the NHEXAS Region V sample selection, response rates, and weighting is provided in Whitmore et al. (1999) . Unless otherwise noted, all results reported here were generated from weighted data for the purposes of making inferences to the population of Region V.
Collection of Dietary Samples
Several dietary monitoring options were considered for NHEXAS (Cronin et al., 1993) . Collection of duplicate diet samples was the approach selected for the Region V study. Self-selected dietary samples were collected by study participants as duplicate portions of all foods, beverages, and drinking water consumed on a daily basis. Of the 160 participants providing dietary samples, 157 completed 4 consecutive days of dietary collection and three participants completed only 3 days of collection. Study staff visited participants in their homes on the first monitoring day to provide training and supplies for collecting and storing solid and liquid foods. Participants (or their adult care-givers) were instructed to collect duplicate portions of all solid foods, beverages, drinking water, and vitamins consumed in all meals and snacks, whether at home or away from home, on a daily basis for 4 days. Duplicate portions were prepared by visual estimation of portion size. Solid foods were kept separate from liquids (including beverages, drinking water, and any foods without solids like broth or popsicles).
Participants were provided with zipper lock bags of two sizes, 0.95-l and 3.8-l (Glad-Lock Zipper Storage Bags, First Brand Corp., Danbury, CT). They were trained to place each individual solid food into a separate bag. Participants were provided with 4-l and 1-l polyethylene bottles to store beverages (#253128 and #253032, cleaned to EPA Protocol A, Scientific Specialties Services, Randallstown, MD). All liquids were combined into one 4-l bottle on a daily basis. The 1-l bottles were used to collect liquids away from home and as overflow storage on a daily basis, if needed. Participants were trained to place all foods and liquid bottles into thermoelectric coolers (Model #S232, Coleman, Wichita, KS) installed by the field staff in each home. Soft insulated shoulder bags were provided to carry duplicate portions of foods consumed away from home. Participants completed a simple food record (diary format) and completed a short daily questionnaire to report what meals were consumed, where each meal was prepared, the frequency of eating similar meals, and whether there were any foods that were consumed, but could not be collected.
Field staff visited the participant after the first scheduled day of dietary collection to ensure that participants were following procedures and to provide follow-up guidance, as needed. The identity of each item on the food diary was confirmed, and follow-up questions were asked as needed to provide additional descriptive information. All of the individual solid foods and the composite liquid sample from the first day's collection were retrieved and returned to the field staging laboratory. Individual solid foods were weighed and combined into one daily composite sample in a 4-l polyethylene bottle. Total masses of both solid and liquid food composites were measured for each day's sample. Solid food composite samples were placed into a freezer and liquid composites in a refrigerator. This process was repeated after staff visited participants on the final monitoring day to retrieve the final 3 days of dietary samples. Solid and liquid food composite samples were shipped cold in insulated containers overnight to the FDA Total Diet Study Laboratory in Kansas.
Collection of Tap Water Samples
Two types of tap water samples were collected from the cold kitchen tap at all homes. To measure contaminants coming from the water supply, study staff collected a flushed water sample after running the water at high velocity for 3 min. To measure contaminants coming from both home plumbing and the water supply, participants were trained to collect a standing water sample only after there had been no usage of any tap or toilet in the home for the previous 4 h. Samples were collected in 250-ml polyethylene bottles (#233008, cleaned to EPA Protocol A, Scientific Specialties Services). Samples were kept refrigerated until shipment to the water analysis laboratory. Nitric acid preservative was added at the laboratory within 14 days of sample collection. To collect water samples at two subsequent intervals (1 to 8 months) from a subset of homes, water bottles and instructions were mailed to participants along with a prepaid return mailer. Samples were acidified upon return to the laboratory. For approximately 15% of the samples, acidification was performed after the recommended 14-day window. The effect of this was not directly evaluated, but concentration distributions examined by collection period were not significantly different.
Analysis of Dietary and Water Samples
Dietary samples were first homogenized at FDA's Total Diet Study Laboratory. Solid foods were homogenized in 6-or 10-l stainless steel food processors with Teflon-coated blades (Model Numbers R6N and R10, Robot Coupe Corp., Ridgeland, MS). Beverages were homogenized in 1-l glass or 4-l stainless steel blenders (Models 33AM26 or 34BL22, Waring Products Division, New Hartford, CT). Portions of the homogenate were added to clean 50-ml plastic centrifuge tubes (M-06334039, Cole Parmer Instrument Co., Niles, IL) for storage prior to analysis. In most cases, the daily composites from each of the 4 sample collection days were combined during homogenization to produce an overall composite representing the total dietary intake across 4 days for each participant. For 25 participants, the daily composite samples were first homogenized separately and a portion of the daily composite separated for analysis. Then, weight-proportional portions of each daily composite were combined to produce 4-day composites.
Dietary samples were analyzed by an inductively coupled plasma-mass spectrometry (ICP-MS) method at FDA's Center for Food Safety and Applied Nutrition (CFSAN) laboratory in Washington, DC. Analysis of 11 target analytes (As, Ba, Cd, Cr, Cu, Pb, Mn, Ni, Se, V, and Zn) was performed according to FDA NHEXAS Standard Operating Procedure 105.4 (U.S. FDA, 1997). To microwave digestion liners, 1 to 7-g portions of homogenized food samples (depending on consistency) and 9 ml of distilled nitric acid were added. Samples were microwave digested in heavy duty vessels using a five-stage program with a maximum temperature of 2008C and a maximum pressure of 600 psi. After dilution to 250 ml, analytes were determined by ICP-MS. Digest solutions were nebulized into an aerosol that was transported to a radiofrequency plasma for desolvation, atomization, and ionization. Ions were extracted from the plasma through a differentially pumped vacuum interface and separated based on their mass-to-charge ratio by a high-resolution, magnetic-sector mass spectrometer. Tap water samples were analyzed following EPA Method 200.8 Version 4.4, a multi-element reference method based on ICP-MS determination ( U.S. EPA, 1991). Table 1 compares selected demographic parameters for the Region V based on the U.S. 1990 Census (1994 update) and the overall sample of the population recruited in the study. Both the actual sample size and weighted percentages are shown. In general, the weighted sample is representative of the Region V population for these parameters. There was a small oversampling of females and minorities and an undersampling of children 8 to 21 years old. A large proportion of the sample did not report household income range, making comparisons to the Census data more difficult. A total of 326 selected participants completed a baseline study questionnaire. A total of 249 participants in 32 counties agreed to participate in at least the core monitoring study, including collection of flushed and standing tap water from their homes. Of these participants, a total of 160 also provided dietary samples. Participants of all ages were selected and recruited. The age range for persons providing dietary samples was from 6 months to 86 years. Information not provided by participants on the study questionnaire. Population-based dietary intakes and tap water concentrations for selected elements in the EPA Thomas et al. Tables 2 and 3 . The mean mass of solid and liquid foods by age and gender is reported in Table 2 . It has been widely reported that measurements based on duplicate diet samples likely underestimate actual intake because participants either eat less food during such collections or do not provide duplicate portions of all of the foods consumed during the collection period. Measurement of this potential bias has not been directly performed in this study. Pilot testing of these duplicate diet methodologies, however, found laboratory-analyzed caloric contents of collected foods that were on average 12% to 16% lower than energy intake estimates from detailed food records and calculated energy expenditures (Thomas et al., 1997) . Biases in the range of 6% to 25% have been reported by other researchers (Kim et al., 1984; Stockley, 1985; Bro et al., 1990) . It is likely that similar bias estimates are applicable to the intake measurements in this study.
Results and discussion
Demographic and Dietary Sample Collection Information
Descriptive parameters for dietary samples are shown in
Meal preparation location frequencies are reported in Table 3 across all participants for the 4-day dietary collection period. A few participants had meal schedules different that the conventional morning /midday/evening times; these were assigned to the most appropriate category listed in the table. Over 75% of the collected morning and evening meals were prepared at home. Almost 40% of the midday meals were prepared away from the participant's home. This underscores the importance of having participants collect duplicate portions of foods from all locations. Participants were asked to report how often they ate a meal similar to each one collected. There is some subjectivity iǹ`s imilar'', but the purpose was to assess the approximate proportion of the sample that was from foods consumed on an infrequent (less than once a month) basis. Fewer than 10% of the meals fell into this category. Participants were also encouraged to record any foods or meals they could not or did not collect. These self-reported data showed that for 3.1% to 7.4% of the meals, one or more foods were not collected. This may underestimate somewhat the actual collection bias, since some participants may have been reluctant to report that they did not collect a food item. Participants reported most frequently that social situations; lack of``extra'' food; and difficulty in obtaining, transporting, and storing foods were reasons for not providing samples. In many cases, participants consuming many beverages of the same type (e.g., soft drinks or beer) did not collect a one-for-one match of each drink they consumed.
Quality Control
Quality control data are reported for lead, arsenic, and cadmium in Tables 4, 5 and 6. Table 6 . In general, good interlaboratory agreement was observed for these analytes. Results for (Thomas, 1997) .
Population Distributions for Dietary Intake and Tap Water Concentrations
Distributions for element concentrations in dietary samples and distributions of total daily dietary intake are reported in Table 7 . Dietary concentrations were calculated as a total for the combined solid and liquid foods, including drinking water collected with the duplicate diet samples. Dietary intake was calculated as an average daily intake per kilogram body weight from the total contaminant intake measured in the composite duplicate diet sample divided by the number of days that dietary samples were collected. These distributions are based on population-weighted sample data so that inferences can be made to the general population. The lower and upper 95% confidence limits around the 50th and 90th percentile values are also shown in Table 7 . The interval for the upper confidence limit is usually larger than the interval around the lower confidence limit because these frequency distributions do not follow a normal distribution. Distributions for flushed and standing tap water element concentrations are reported in Table 8 . In cases where the percentage of samples with measurable values was less than 90%, the applicable percentile concentrations were not reported. These distributions were generated using measurements from all three sample collection periods. Several elements (Pb, Cd, Cu, Ni, and Zn) had concentrations in standing tap water 1.5 to 6 times higher than those in flushed tap water across the distribution range, strongly suggestive of a home plumbing source. Median lead concentrations in standing tap water were highest for homes built between 1960 and 1979 (2.8 0.73 g /l) followed by homes built from 1940 to 1959 (1.7 0.45 g /l) and 1980 to Present (1.5 0.67 g /l). Manganese had a skewed tap water distribution that was likely the result of high concentrations observed in one county (Clark County, IN) where concentrations ranged from 150 to 190 g /l for eight of the nine homes visited. Figure 1 shows the distribution of lead, arsenic, and cadmium concentrations and dietary intakes for solid foods and liquids. Liquids as collected in this study included drinking water consumed at all locations, beverages, and other foods that did not contain any solids or would melt into liquids upon storage. The concentrations of these elements in liquids were much lower than those in solid foods. Although people consumed two to three times more liquids than solid foods, solid foods still accounted for much more of the overall dietary intake of these elements. Similar liquid-versus-solid intake distribution patterns were observed for all elements. The contribution of home tap water sources to contaminant ingestion was examined by calculating correlations between water concentrations and food concentrations or dietary intake. Spearman and Pearson correlations are shown in Table 9 for lead and arsenic. Spearman correlations are based on ranked data and are not as affected by the presence of several very high results or outlier data as the Pearson correlations. Because Spearman correlations are based on ranked data, weighted sample data were not used. Statistically significant Spearman correlations were observed between lead in home tap water and concentration in liquid foods and for intakes from liquid foods, solid foods, and overall dietary intake. Higher correlations were observed for standing water than for flushed water, suggesting that a portion of the population consumes water contaminated by home plumbing components. Home tap water concentrations and blood lead levels were also significantly correlated . Pearson correlations were not significant for lead, possibly because a single very high food concentration was measured that was not associated with tap water. Significant Pearson correlations for arsenic were measured between home tap water concentrations and liquid food concentrations and intake from liquid foods. In this case, it appears that arsenic is present in the water supply with no additional contribution from home plumbing.
Sources of Contaminants in Dietary Intake
Associations between dietary intake and specific types of foods have not been determined at this time. Future analyses of the data will examine associations between intake and the kinds and amounts of foods listed on participant food records.
Relative Comparisons
Dietary intakes measured for the Region V population can be compared to reference values and to estimates of intakes Population-based dietary intakes and tap water concentrations for selected elements in the EPA Thomas et al. from other routes of exposure. Daily mean and median adult dietary intakes were compared to estimates of intake from drinking water alone and from inhalation (Table 10) . Drinking water intakes were calculated for comparative purposes using an assumption that all adults consumed 2 l / day of water from their home kitchen tap. This may over-or underestimate actual contaminant consumption since, on average, adults consume about 1.2 l/day of tap water, with the remainder of water intake from beverages and foods that may have a tap water contribution, and from other drinking water sources (Ershow and Cantor, 1989 ) that have unknown contaminant concentrations. Estimates of inhalation intake are based on personal air sample measurements made in this study and assuming adults breathe 13 m 3 of air each day. Overall dietary intake was much greater than the intake from water and inhalation routes. Intake from tap water was greater than inhalation intake, regardless of whether an assumed intake of 2 or 1.2 l/day of tap water is used.
The percentages of the Region V population with flushed tap water concentrations greater than action levels (ALs) for lead or maximum contaminant levels (MCLs) for arsenic and cadmium are shown in Table 11 . MCLs are based on concentrations measured in samples collected at the water distribution point, while ALs for lead are based on collection of first draw tap water samples at homes after water was undisturbed in home plumbing for at least 6 h. Standing water samples were collected in this study after four or more undisturbed hours in order to improve participant collection compliance. Only 0.7% of the homes in Region V is estimated to have levels of lead greater than 15 g /l. No concentrations higher than the MCLs were measured for arsenic and cadmium. For standing tap water concentrations, 4.7% of the homes are estimated to have levels of lead exceeding the AL concentration, and 0.3% had concentrations greater than the MCL for cadmium. Although most standing samples were actually collected after at least 6 undisturbed hours, results from homes in which water was undisturbed for only 4 to 6 h may lead to an underestimation of the number of homes that would exceed the AL for lead. An unknown, but perhaps substantial amount of exposure results from consumption of water that has been standing in home plumbing for extended periods. As discussed earlier, correlations of dietary intake of lead were higher for standing water than for flushed water.
In Table 12 , dietary intakes have been compared to EPA Integrated Risk Information System (IRIS) reference doses (RfDs) for arsenic and cadmium. (EPA has declined to set an RfD for lead due to the uncertainty as to whether there is any safe threshold value.) Dietary intakes were also compared to provisional tolerable daily intakes (PTDI) from all sources which are based on Food and Agriculture Organization/ World Health Organization (FAO/WHO) provisional tolerable weekly intakes (Gunderson, 1995) . Although approxi- mately 20% of the Region V population exceeds the IRIS RfD for arsenic, it is important to recognize that the RfD is based on inorganic arsenic, while most of the arsenic in foods is thought to be associated with several organic species. Only 0.8% of the population exceeded the PTDI for lead.
The median dietary lead intake of 0.10 g /kg bw/day for the Region V population (Table 7) agrees closely with FDA Total Diet Study (1986 ±1991) mean daily intake estimates that range from 0.09 to 0.10 g /kg bw/day for adults (Gunderson, 1995) , but was substantially lower than the average in a 1986 ±1988 study of mean daily dietary intake estimates for Canadians of 0.4 g /kg bw/day (calculated from an average value of 24 g/ day for a 60-kg person) (Dabeka and McKenzie, 1995) . Median dietary intakes of arsenic in Region V of 0.13 g /kg bw/day were substantially lower than the 0.44 to 0.51 g /kg bw/day reported in the FDA Total Diet Study. This may be attributable to the kinds of foods consumed by this population having different arsenic levels than foods sampled in the Total Diet Study, or may be a result of differences in procedures for preparing and analyzing dietary samples. Further investigation is needed to evaluate the difference in arsenic intake estimates. Median intakes of cadmium in Region V of 0.19 g /kg bw/day were similar to the 0.14 to 0.17 g /kg bw/day in the FDA Total Diet Study and 0.22 g /kg bw/day for Canadian dietary intake.
Comparisons of median dietary concentration and intake are shown in Figure 2 for children aged 0 ± 7 years, aged 8±21 years, and for adults. Shown with each bar graph are the lower and upper 95% confidence limits. In general, the concentration in children's diets was similar to or slightly lower than in adult diets. For arsenic, the lower concentration for children aged 0± 7 years was significantly different ( = 0.0018) than for adults. When comparing intake on a body weight basis, the intake for children aged 0 ± 7 years was significantly higher that the adult intake for lead ( =0.0001), arsenic (= 0.0041), and cadmium ( < 0.0001).
The median dietary lead intake of 0.26 g /kg bw/day by children aged 0 ± 7 years in Region V was close to the 0.30 g /kg bw/day estimated mean for 2-year-old children in the FDA Total Diet Study (Gunderson, 1995) , but lower than the mean intake of 0.42 g/ kg bw/day reported for 21 children aged 18±36 months in urban Omaha, Nebraska (Stanek et al., 1998) . FDA has calculated a provisional tolerable total intake level (PTTIL) of 6 g /day for children aged 0 ±6 years (U.S. FDA, 1993) . The PTTIL is based on an intake of lead from all routes (dietary, inhalation, dermal, nondietary ingestion) that is 10 times lower than the intake estimated to result in blood lead levels associated with adverse health effects. The median dietary lead intake of 0.26 g /kg bw/day is equivalent to 5.2 g /day for a 20-kg child. A substantial portion of the children in the Region V population may have dietary intakes alone exceeding the PTTIL; however, due to the limited sample size for young children, intakes were not calculated for higher percentiles of the distribution. Since children are also exposed to lead from inhalation, dermal contact, and nondietary ingestion, the overall lead intake for many children may exceed the PTTIL. Median intakes of arsenic for children aged 0± 7 years in Region V were 0.22 g/ kg bw/day, substantially lower than the FDA Total Diet Study intake of 0.46 g/kg bw/day for 2-year olds. Median intakes of cadmium for children in Region V were 0.39 g /kg body weight /day, similar to the 0.36 g/kg bw/day for 6 to 11-month olds and 0.46 g /kg bw/day for 2-year olds in the FDA Total Diet Study.
Short-Term Inter-and Intrapersonal Variability in Dietary Intake
It is important to understand dietary intake variability to assess how well short-term measurements predict long-term exposures. In this study, data collection was performed across Region V in all seasons over a period of 22 months, providing good temporal and geographical representation for the population. For individuals, however, dietary Population-based dietary intakes and tap water concentrations for selected elements in the EPA Thomas et al. samples were collected only for one 4-consecutive-day period, providing little information about long-term dietary exposure for the individual. Long-term intrapersonal variability was not measured, but short-term dietary contaminant intake variability was evaluated for 25 participants for which dietary samples were analyzed on a daily basis for each of the 4 consecutive collection days. A calculation of the percentage of dietary intake variance from inter-and intrapersonal differences was performed, and results are shown in Figure 3 . For arsenic, almost all of the variability is due to intrapersonal differences, suggesting that arsenic consumption was highly variable on a day-today basis and may depend on infrequent consumption of foods containing large amounts of arsenic (i.e., seafood). A less extreme, but similar result was seen for lead. For cadmium, the interpersonal differences were higher than intrapersonal differences. The day-to-day variability of cadmium intake by individuals was lower than for lead and arsenic. Another NHEXAS study has been designed to measure intrapersonal intake variability across longer time intervals (Buck et al., 1995) . These data may be useful for assessing long-term dietary exposure or making prevalence estimates (Sempos et al., 1991) . Together, the inter-and intrapersonal variability data can be used to help guide design of future dietary studies by helping to define the collection duration, collection frequency, and population sample size needed to characterize exposures under EPA's dietary exposure research program (Berry, 1997) and to guide dietary intake monitoring in future phases of NHEXAS.
Conclusions
Dietary intake and tap water concentrations of selected elements were measured in a population-based sample of EPA Region V. The following conclusions are applicable to the Region V population. Only a small percentage of homes had Pb and Cd tap water concentrations higher than regulatory levels. No As concentrations were measured above current regulatory levels. Concentrations of Pb, Cd, Cu, Ni, and Zn in standing tap water were higher than those in flushed tap water, suggesting that home plumbing is an important contributor to exposure for these elements. Contaminated tap water was significantly associated with dietary intake of Pb and As. Intake of Pb, As, and Cd from solid foods was much greater than that from liquid foods. A small percentage of the general population had dietary intakes of Pb and As greater than reference or proposed tolerable levels. Although the concentrations of elements in foods consumed by young children was similar to or less than those for adults, children had dietary intakes 1.5 to 2.5 times higher than adults on a body-weight basis. Intake of Pb may approach levels of concern for a portion of the population of young children. Dietary intakes measured using the duplicate diet approach agreed well with FDA Total Diet Study estimates for Pb and Cd. Measured intakes of As were less than those reported for the Total Diet Study; further investigation is needed to evaluate this difference. Overall, dietary intakes were much greater than those estimated for the inhalation and tap water routes of exposure. However, these gross differences do not account for differences in uptake and actual dose that may lead to adverse health effects. Over short time periods, the daily variability in dietary intake of Pb and As was high and intrapersonal differences accounted for most of the overall variability, while interpersonal differences were more important for Cd.
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